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The 0.45 -soele model of the CurtissXP-62verticaltail
aurfaoenmmted an a stubfuselage,was %sted.In the Lsngley7-
by 10-foottunnel. The aerodynmlc oliaxaoteristiasof the
verticaltallwith a plain rudclar, two qmounts of overhangand an
Internal balanoeam preeented. Tdb chamcteristicson the plaln
rudderare also presented.

The resultsof tile lnveatl~ticmIndicate *t the ovmhang
end the Internslbalanoeof aboutthe samebalanceareahave very
aimllarcharacterlaticsthro@out the angle-of-yawand ruMer-
ileflectionrange.

The reaultaimiioatethatthe tab is effectiveat leastto tab
angleaof t200 overboth thb rudder- angle-of-attaokq
exoeptfor * case at lmge poalttveq@es of attaokccmblxml
with lar~ negathe redderdefledskna.

. .
IIRmYDw!ma “

In the courseof an Inmati*ttcm to “finda aatlsfaotory. “
vertlc~ tailfox the XP* alrphuie,a 0.4!j-aoalevertlcsltall
model”momted m a atuhfuselagewas teatadIn tha Lamgley7-
by 10-foottmnel . Thismxlelwas fitba with a flat plateto .
ma~t * ~$z~W ml aurfme.” me da- S3XIpresented
hereinfor their.generallntereatvalue273* than theti
appllcatlcmto thispmticular a~ti.
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The,balanoearrangements~sted cmeistdl of a plalnrudder,
a mdlum overhang,a large overhabg, and an Internal balenoe.

The results of the model testsare presehtidheredn.

APPARATUS, Mm!Ecm, m TEsTs. . .

The test setup”h the Langley7- by U3-foottunnelis shown
In the photographd figure1. The model was w-a to a large
tubethat extendedthroughthe floorof tie test sectionand was
attaohedto the balanoeframe. A streamlinefairingthat extended
elnmstto the slxibfuselagewm placedaro~ this tube end
fastenedto the floor”(fig.1). Provlslmm weremade for changing
the angleof attaok (yaw)af the modelwhile the tunnelwas in
operation.The rudderwas mnta’oiledfrcauoutsidethe tunnelend
the rudderand tab hingemmente ‘weremeasuredwith eleclxlcal
straingagesmountedwlthlnthe rudder.

The -1 of the verticaltall conformedto the dimenslaus
@ flgpres2 and 3. The gemuetriccharaoteristlcsare givenIn
table1. A 3/k-lnoh-thlokfht platem providedto representa
horizontaltail eurfaoe(fig.4.)

The severalbalanoearrangementstestedam given In the
followlngtable:

DesorfptJlgm

Platirudder

Mediumoverhang

Large overhang

Internalbalance

)0144“ 1.0

.298 .747.

.494 .747

.284 .747

%“
%

0.142”

.209

.349

.198

Figure

2
2

2

3

The nose shapesand dlmenelonsof the overhangbalancesare KIven
In figure2.- The plah rudderand overhangb&moes were te&d “
b“ti sealedand uawmlod. The hinges,however,werenot cmpletely
sealed; 1u- me seri~sof tests,0.013-IncM-diametertrazv+iticin
tireswereplacedat the 10-peroent-chordpointalongthe vertical
surfaoefor the plainrudder V14R14 and aroundthe fuselage
justbaok of the leading-edgemdlue.
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Wltalk lntelaauy. -d naaaer,.tut) ~?tmaln In the. .
eialemditime &: tisted. T* one ,erlei’ cd”teotti,“th6 hinpa
Wre Idt mwealed,...tlntie,.the flexlblq*@ .- &e.,l@lu#oe..+
plate.Tms.in CMuitaot%ith.+lhe-Illa@flttinga,%@ ho 8+ t .Une .“

7mlde to plwerltthemr flow~ the fltttnga{fig.~(a)”● In
tho otherseriesof teete,the.~a W9reapapa

M
.ly+~,qth ,:’.

rubber k, Iaqlt J#mJdsd ally“an leahge” (fig; 5 m) ●

A dynmmIopmumaru oif16.m pmnke per. ~u& ~iiot k ‘
mlntulned fa? ~mt all teata. It wq re@@ ,611@~ fcq.’ucqe
toots,hcuever,~ the rml&erdefleoticxi~ @lo ‘& httuok ‘{
s largo. A -O pm!mure @ 16.37- p- W-. f.x?.:
carreepmds to a tkmd velooi~ of @cut 8Q miles pei hour and to .‘“
m effectiveRex ndber d *out 2,4@,013B,*sj?d,cm.*. meap
gemetxio ohcrdcif2.06 fee% and n wlmlattmnel t@bailen6dihctor .. ‘
@ 1.6 (eff’eetlve Reynoldemdber - teatReynoldenumber x
turlmlemoefaotcm) . . . .. . . .:”

COl!3TI~ MD OommCqms ~ . -.’

The refmlta of the taste ore presented In etkndaid HAilAncm-
dlmmeicnal (meffloiateof fames @ ~te . -The pitohlng ..
aunmit la takendmut
figure2. (13 Inoha!

~ ooeffIcienta

~ . lift coefficient

~ m mefflclemt

tie mmmtlng ixl13center llne ahoun.In:
ahead of the rudder h#qge .eulB) ●, .

,.

aad eyldx)la exe deflx@ ma follows:

(L/qS) .

(D/qS)

% Plpmw~ t Coeffloient (M/q80) ...

%
(+)rwltler ~-Mm3nt co6ffkAnti” q% .#

. . ‘...

. .

. .

. .. . . .

~.
.’
..

L lift,pullnaa

3
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pitoh~ ~%- eibout”~tihg -a cedar he, “foot-poimdm
. .

i’udd.er Mage”nument.iitmut &&irolouifaoe h- line,foot-. m..%:..,.,
.. .

ruddertab hingetit &t tdb.h& llne,fwt-m

tail erea,10.26.t3qum3feet ,
. .

*r”&ma, “4.28 sq~ feet “ .
..”

lmlamearm “ ‘ ‘. .
. .

“y+)” . ~-c p-“ ~g yund.e “pm.qare foot
..,.

ru&ler epaa, 4.%) feet

. .

balame epan,3.47feet

tab spin,1.31 feet
. . ..”, .

tallm~ geanetrlcchord;2X% feet “ .

rudder zwotaeen-square”chord,”o;876feet

tdb root-mmn-squiie.ohmd, 0.299feet ‘ ‘

balanoeroot-mm-square ohord

-e of attaokor yaw,poeitim vI* fxahlng ~ h left

ruflderd.efleotlcm,posit~vewith &all* Odge to left

tdb &eflectiom,positivewiti trailingedge to left ‘ “

rudder pedalfOrOQ,pouud.e “

ha

——

% ?9‘% (Z-8*-O
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&erhaagbalanoeand internalbalaaoe)= O.Oll~
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~“ !cheresult saftheteat so fthe
various ml ccmeiguremomsam @v= h figures6 through19.
FigureE20 through26 presentdeta -t havebeen replottadm
orossplottedfi orderto show a effeoteof oortsdn-pendent
varidbles.

A cangarlsonof the vwrtioaltalland rudderOlm’acteristios
for mall rudderdeflectionsti mgles of attaokis glvemin
tableII.

Lift cheu’aoterletlos..- The valued’ the slopeof the ltit
Ourve-(figs. 6 to 8 and tableII) eitherwith or withoutthe
horlmntal tall In plaoe is s~t hlgberthentheoretical
equationsIndicate would be the case. It is -refozw conoluded
thatthe stubfuselageIn additionto havingcmeiderableend plate
effectwith the horizontaltallremoved,also addseffectivearea
to the vwrtloaltail. Thls effeotiveareaaddedby the stub
fuee~ wouldprobab~ not be pzmsentIf a cca@ete fuselagewere
used. Addingthe horizontaltall inoreasesthisend plateeffeot
au the slupeof * llft curvesli@ly. The Mfeot of the
horiimtal tailmight seemto be very mall, but it shouldbe
noted (fl-g.2) that the horizmtal tail 1s near tie centerof the
effectivevertical-tallma al?the Ccmibinatlonsttifuselageand
lmrtlcaltall.

The effeotof * variousoverheagbalanoescm the lift
Oharaotarieticscan be sban in the canparisonourvesof.flgure20
and the pammters givenIn tableII. Seallngthebalanoenose
m the plaln ovm%emg Inoreasedthe ruddereffectiveness

% J

W largereffectbeingfound in the mediumoverhang. The
internallybalancedruddershowedcharacteristicssimilarto those
for the plain sealed rudder. 8ealingthe hingesof the internally
balanoedrudderlmreased the ru&%r effectlmmessparamter

%
by about 10 peroent.

E* nummnts.- The rudderI@e-nmnsnt oosfficientswere
replottedon figmws 16 and 17 to a largerscalemil.yto separate
.* curvesand not to implymy greateraooumoy.
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The reauotlon fn
%

18.not Ulreotly~ortlonal to the. . . . . . . .
overh&, baiancm”“area;the”greaterreduotitim.hh- ..m&m* ... ‘“-t@c@rhg.betweti“themedim anlllargeoveThang@an be@reentie. “
plaln rudderand mdim ov6rhang(flgP21),..KMs m~tlcm’

h C%r
withoverhanglmlanoeOhmbrd1~ very similarto **

whichwoulil’.bebstlnmtmlfrau the,seotlon.tits‘ofr&menoe 1, “
A cesdh. d I& rudderh- awmmt @effloientsfor the plalk
and overhailgbaUnoed rudder18 presen

y %!$- “;tirs&.Internauy t+lanoed”and Sealhlrudllerv %
achazmo@ristlc&rk the tidlm ovduang rudder +1” 1

hang balanoetendingto hMe scsm-t louwrhinge mxu&&matO=-
high rudder&fleotione.

l%alingthe variousoverhan& “tij “in’~ral, very little
effeotcm the valw

%
, but seallngthe h- of the Internally

balancedrudder reduoed thk negdim” V& & @ fi’cca4.0045
.4

to -0.0035. . . . .:.
Resultsof tbe ~ peroentover&ng milderindicatea greater

tendemy for rudderface reversalat high rudderdeflecticme
and hi~ anglesof attaokof oppositesign thanfor the ru&lerswith

~smalleroverhangbalanoes,slnoe“thehhgs-momentcurvesshow
greatertendsnoyfor overbal~e .“ TMs effectis muohmore marke~
for tie case wlti the unsealed ruddergap.

-b chSraotiristlcs.- Tab.testsOM the plalnrudder (f Igs i 9
to 12 and 22 to 25) indicatethatfm hnglesd attaokof zero to
Stall,and rudderangles t~”, the lxibIs effectiveto about*20°.
The remiltsIndicate&t a tab deflection& about10° Wl trim
out about6° of rudderdefleotim, and thatthe tab effectiveness,

:U9* 18 about0.005or aboutone-eixthas effectiveas the rudder.

The tkb hinge-mcmsntsresults(fig.23)Indicatealmat
- hinge-mment charaoterietimfor tab deflectlms at least
as greatas tmo, the hu=gestdeflectionst0st9a. The varlatlm
of tab hingemment With rudderdefleottcmIS givenin fi~ 24.
~ the tab gap had littleeffecton th tab hingemment up
to rudderdeflectionsof about150 (flg. ~). m effeotC&
ruddem-balanoeconfigurationm ~ tab hingemauentscan be seem
f= zero taband
littleeffect@

zeroaz@e & attaokon figure 25. nley Show
balanoecomfiguratlon

7

forrudderanglesof ‘d5.

—— .- — —
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leadingO* @ the mrtical

No. LQ’2’7“

* -itiOn.& fikea near the
tailan4ettib flu3elagebynmna of a.

O.013-inch-~ametebwiz% placedat the,10-percent
%$?$?

etation-
mmg the verticalaiu%’aceat’the plain.*r, V1. ,@
~theslnib fusdagebaokof the leadingedge. Inarderti “
te dbleto obtaindireotcunparimm of tie data for free &an-o
sitionCUUIf-a +ition, S- of tJM m of oi’i~e 6 d 13
mLVBbe= WOttOa m ft~ f?6.Fi~ transitionahifteaall
of the curvesslightlyend reducedthe valueof ~ (*le II)

over the smallrudder-deflectionrangeand, in geneml, re&&d
the hingemcmentaovermost of the angleof attackand rudder- .
deflectlm mange.

_== ‘ “
. . . .

●

The data pzwisentdindicatethe folhwing conoluaicms:

1. The internallybalancedand overhangbalancedrudders
that @m aboutthe eemebalmce areahap about&e senwhinge-
manentchmacteristicethroughoutthe angle-of:yaw and ~ angle
range.

2. Sealingtie nose of the overhangbelqncelmcre@d We”
ruddereffectiwness‘intiducing lift,the greaterincreaa6being
obtainedfor intermediatebalanceaize.

3. Completelysealingthe belanoeof the titernaXlybalenced
rudderresultedin lowerhingemxmnts and hi@er ltit effective-
ness thanwere obtiil with the M&s unsealed.

8

. .
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4. The results of the tab tests Indicated that the tab was
effective at least to tab angles of %’0° over the rudder-deflection
range, except for the case of large positive angles of attack
cabined with large negative rudder deflections.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
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TABLE I

GEOMETRIC CHARACTERISTICS OF THE 0.45.-SCAIJ?

MODELor TEE XP-62VERTICAL

TAIL

Vertical tail, sqft. ..o . . . . . . . . . .

Vertical tail height, ft. . . . . . . . . . . . ,

Vertical tail aspect ratio . . . .

Rudder area (eft of hinge line) sq

Rudder balance area, sq

@4 J$4 ● .

+6 R16. ,

@6 ~16.5.

+8 *18. .

.

.

.

●

.

,

.

.

. . .

. .0.

. . .

● . .

Horizontal tail area, sq

ft

.

.

●

✎

.

.

.

.

ft

.

●

●

✎

✎

.

.

●

●

✎

.

●

✎

✎

✎

. . . . . . . .

ft . . . . . . .

.

.

.

.

.

●

✎

✎

✎

✎

.

.

.

●

✎

.

.

.

,

.

.

●

✎

✎

✎

.

.

.

.

.

.

●

✎

✎

10.26

b.97

2.4o

4.28

Minimum

. 0.855

. 0.810

1.350,

17.7
●

NATIONALADVISORY
COMMITTEE FOR AERONAUTICS



m ?% L6F27

TABLE II

Tail Rudder
cLa c~rsurface -P C%J ..c%

@4 ~14
IUnsealed 0.050 0.030 0.0010 .0.0051

Sealed .051 .034 .0010 -.0050

Horizontal Unsealed .048 ,028 .0011 -.0060
tailoff

Transitionunse~ed .048 .030 .0010 -.0042
fixed

-.——. —
v16R16 Unsealed ,047 .026 ,0009 -.0044

Sealed ●051 .033 .0012 ..0045
.—
v16R16.5 Hinges .048 ~ .032 ,0012 -.0045

unsealed I

Uinges .048 .035 .0012 ..0035
seeled.

.—
v18R18 Uneealed I .049 .028 .0023 ..0020

Sealed 1 .050 .032 .0025 -.0020

NATIONAL ADVISORY
COM41TTEE FOR AERONAUTICS



Figure 1.- Three-quarter front view of 0.45-scale model of the XP-62 vertical
tail installed in the Langley 7- by 10-foot tunnel.
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SECTION C-C
\

TYPICAL GAP=dl/3J
I

A

IC R.ooT SFCTIK&J-A -

(“”

— 13.00
- 4589

~ END OF FUSELAGE
H?NGE

MOUNTING AXiS
NATIONAL ADVISORY

COMMITTEEFORAERONAUTICS

Fiqure 2.- Plan and 5&ction wews of V’4R’4, V’61?’6,
and V’8R’* 045-5cale Vert\cal tatls of

xP-G2 a]rplane.
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tSec8ion A -A
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Sto. 1.2.3/ 1.S75V ./%61.az51dii+#2M

rd. 1,WOI.5021.6ml* I

Hinqe ihe d szkz. 0
NATIONAL ADVISORY

t?gwe 2

COMMITTEEFORAERONAUTICS

- Cone/udeo. .



MR No. L6,F27

/ --—-----L-L———L————
\l

A

-- -.

3 3.+5

—

i

T----c– ——
c .- - > >

i ‘
I
I

NATIONAL ADVISORY
COMMITTEE FORAERONAUTICS

F]gure 3.- PlarJ and section vlew~ Of V14R16J5@s-5cale
verttcal tall of XP-62 ulr~lan~.
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Control

1

Balance plate
surfac

Flexible seal

Hinge fitting

Cover plate\

-+ ‘. -- -—---

(al Hinge not seaLed.

I

,,

1

e

1
\
\
\

‘. -.. —--- !

(b) Hinge completely

Figure 5. - Seal arrangement for internally balanced control
surface.

sealed.

z
o.

seal

NATIONAL ADVISORY

COBIMTTEE FOR AERONAUTICS
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f@Tc? d. - AeTodynOn?lG darocIeris!icx of tk 045 X& model d tk W-62
ve~hca/ tad V:’R” &udder Wp mieOkM; tab L30p urzieokdi +=0:
hor!zon{ol tod off.
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A4
“8
+/2
4/6
“20
h24
d28

’32

figure 9.- A?rody?)on)~ chorocleri>fu of ik 0.45 wle rrxxie[ I& the W-62
ve)//ca/ [oil V“/?” /?tidcL$r gap unsealed; bb gap unscaled; ~.-20°.



MR No. L(jJ’27

figure IO.- A erodynumjc charuci%lafic~ ofi5he Q 45 SCUk model d
the )(P- 62 v&Ic UI fall V“ R’- Ruddw qffp unseoled, tab gap

resealed, ~f =/0-
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figm IZ.–krodymmc choractensim d f~ 045 .$mk tiel U? Ate W-62
ve rtual ikvl V’4#’ Rudder qop n.veokdj fob pp ims.d?d, $ .2E



MR No. L6F27

F@ure 13–Aerodynorn\c chuYOctcrlxlm of i’he 045 scale mcdd d the XP-62
\/grtic (1/ fall V’4R!4 t?II(i&r qop (j7muled; tab ~a~ UFYwa/edj bt~j

iro ?]s7tIo71 wre m).
“.,,..,,.,., $...

-.,,,,, rm .,a,.,.,
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Fgure /& .– A erodynomjc chu;ucter]sik of the 0.45 bcalemcwiel of the
XP-62 ‘verhco/tollVfl.Ruddergup unseokd, tubgop WWWXM 6P=Q
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